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Abstract
Atrazine [2-chloro- 4-(ethylamino)-6-(isopropylamino)-l,3,5-triazine], a widely
used herbicide in US corn production, impacts quality of drinking water for many rural
water supply systems. Four systems at Rough River Lake, Kentucky, have had high
levels of atrazine in raw water and in some cases finished water that have exceeded the
legal limit of 3 parts per billion (ppb). The Rough River Lake watershed is 1,700-km2,
much of which is located in limestone karst. A hypothesis was developed stating that
there would be higher concentrations of atrazine in the northeast section of the Rough
River Watershed, located in Hardin County, due to the no-till corn production of the area
and karst features.
Surface and subsurface samples were collected from eighteen locations (including
all major tributaries) within the study area. Sampling began during the Spring of 2005
growing season on a fourteen-day cycle and a twenty-eight day cycle during the fall and
winter months. Atrazine concentrations rose at nearly all sites within weeks of the spring
application in May, and then began to decrease by late July. Five locations had over 3
ppb for at least two sampling rounds. Two sites exceeded 10 ppb.
vi
Global Polynomial Interpolation Analysis was used as both a data exploration tool
and a way to demonstrate a definite spatial and temporal pattern to atrazine within the
study area. It was also concluded, the reservoir with its larger volume and lower water
velocity plays a significant affect on a longer residence time of atrazine, while the
tributaries showed lower concentrations of atrazine most likely due to higher velocity and
smaller volume of water.
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Chapter 1: Introduction
Water is critical to sustaining life on this planet. Water quality and accessibility
challenges are key environmental problems that must be addressed in the 21s century.
One area of concern with water quality is non-point-source pollution from agriculture -
related activities. According to the 2002 Census of Agriculture, there are some
13,843,780 acres of farmland in Kentucky that produce products such as corn, soybeans,
livestock, and tobacco (National Agriculture Statistics Service, 2004). In fact, during
2004 Kentucky ranked 13th in the nation for corn production according to the National
Agriculture Statistic Service (2005). Having this many acres devoted to farm use comes
with the potential for agricultural sources of pollution. The herbicide atrazine is one such
chemical that has received a significant amount of publicity in recent years due to its
potential impact associated with human health and aquatic life.
In July 2004, the Hoffman Environmental Research Institute, as part of the Center
for Water Resource Studies, was awarded a seventy five thousand dollar grant to do an
assessment of the herbicide atrazine in the Rough River Lake watershed. Both the
Hoffman Environmental Research Institute and the Kentucky Department of
Agriculture's Division of Pesticides directed the grant, which consisted of four
objectives. The first objective was to do an assessment of Kentucky's statewide sale of
atrazine using Geographic Information Systems (GIS). The second objective was to
create an ongoing stakeholder workgroup to bring together different organizations to
study the issue of atrazine in the Rough River watershed. The third objective was to do an
assessment of current levels of atrazine in the watershed by sampling. The fourth and
final objective was to offer educational workshops to local applicators and farmers living
and working within the watershed.
The various groups that participated in the project included, but were not limited
to, Western Kentucky University, Kentucky Department of Agriculture, the University of
Kentucky's Cooperative Extension Agency, the Kentucky Division of Water, Grayson
County Water District, Leitchfield Utilities, the Kentucky Rural Water Association, the
United States Corp of Engineers, Hardin County Water District Number One, and the
United States Geological Survey.
One issue in land-use management includes non-point pollution sources. In the
United States these sources can originate from both residential and agriculture activities.
According to Crain (2006), nearly eighty percent of pesticides originate from agricultural
sources, while the remainder comes from industrial, commercial, and residential sources.
In Kentucky, agriculture is the major contributor to non-point source pollution; these
pollutants include nutrients, suspended sediments, and pesticides. As Crain (2006, p. 2)
states:
The effect of water quality by agricultural activities, habitat
modification, and urbanization in areas of karst terrane [landscape] are
important considerations for resource management in Kentucky.
Atrazine [2-chloro- 4-(ethylamino)-6-(isopropylamino)-l, 3, 5-triazine], is an
herbicide used to control broadleaf weeds in the production of no-till (where no plowing
and tilling is required) corn, grain, and popcorn (Ashton and Monaco, 1991; Atkinson et
al., 2001). Atrazine, which was first sold 45 years ago, has become widely used because
of its cheap price and efficient results in producing high-yield crops (Colborn and Short,
1999; Kentucky Department of Agriculture, 2005). Atrazine is marketed to farmers as
both a highly effective and cheap product for the eradication of broadleaf weeds in corn
production. Syngenta (2004), the largest producer of atrazine, states that atrazine also has
the added benefit of attaching to clay soil particles reducing loss from fields during
normal precipitation events.
Atrazine is a restricted-use product and therefore certain guidelines must be
adhered to when applying the chemical on a field. In order to reduce the amount of runoff
from a field the applicator must follow the loading, mixing, and spraying instructions
supplied with the atrazine product, often referred to in the agriculture industry as the
label. The Kentucky Department of Agriculture (2005) each year produces a booklet that
explains the proper procedures for mixing, loading, and applying the chemical on areas
with no-till corn production.
These application guidelines are referred to as best management practices
(BMPs). BMPs near intermittent and perennial streams state that no loading, mixing, or
application of atrazine must occur within fifty feet (Kentucky Department of Agriculture,
2005). No loading or mixing can occur within fifty feet of lakes and reservoirs and no
application must take place within a two-hundred feet area. BMPs for karst areas state
that no atrazine should be loaded, mixed, nor applied within a fifty-foot radius of a
sinkhole. The maximum poundage of atrazine that may be applied in Kentucky is
currently 2.5 pounds per acre per calendar year. Often producers, or farmers, will split the
allowed poundage between a pre- and post-planting application in order to gain the
maximum effectiveness of the product. In Kentucky, fields suitable for corn production
are often rotated with soybeans the following year after a corn harvest. This short time
lapse prevents the weeds from gaining immunity to the various chemical herbicides
during crop production. For example, during one year a producer will use a no-till corn
seed product with atrazine and then rotate the next year to soybeans and use a product
such as Ready-Roundup (Monsanto, 2006).
Discussions about potential human health problems from long-term exposure to
atrazine can be found in the literature (Apple and Hudak, 2001; Davis and Reeder, 2001).
Studies of atrazine have attempted to determine what effects the chemical has on both
human health and the environment (Richards and Baker, 1995; Kettles, et al., 1997;
Stevens, et al., 1999; Coady, et al., 2004). One notable project was Hayes (2004) study of
the effect atrazine-induced hermaphroditism in American frogs. His study gained national
attention because he was once employed by the Syngenta company to research the effects
of atrazine on frogs. After his study produced results that revealed potential adverse
affects on frogs, he was fired (Blumenstyk, 2003). Hayes speculated that his termination
was due to the USEPA's review of allowing the continued sales of atrazine in the United
States that was occurring at the time (Blumenstyk, 2003). Currently, the sale and use of
atrazine is banned in Europe.
Another important element in the study of atrazine's use in Kentucky deals with
the dominant karst topography of the state. Karst is an important feature of the earth's
landscape because of its unique relationship with water. Each karst area is different from
another, thus making each area unique. Karst forms through the dissolving action of
carbonated water on limestone, therefore forming caves and conduits (Karst Waters
Institute, 2001). Features found in karst areas include sinkholes, caves, and large springs
that aid in the transport of water. These landscapes allow water to enter openings into the
ground through either sinkholes or fractures in bedrock, which makes detection of source
water entrance difficult. Once the water is underground, it is able to travel at a rapid
7speed over long distances in a matter of days compared to months or years in non-karst
landscapes.
As figure 1 illustrates, the majority of Kentucky's agriculture areas are located
within either moderate or major karst areas. With such a portion of Kentucky comprising
this type of landform, specific problems arise in human-environmental relationships, such
as the use of atrazine in karst areas. Karst is especially susceptible to pollution from both
agriculture and industrial sources; this dual threat underscores the importance of
understanding how humans can negatively affect the fragile environment.
This study focused on a small rural watershed that provides source water to four
water treatment plants. One treatment plant, the Leitchfield Utilities' Water Treatment
Plant, has a history of evaluated levels of atrazine over the Maximum Contamination
Level (MCL) of 3 parts per billion (ppb) (USEPA, 2006b), set by the United States
Environmental Protection Agency (USEPA). The directive to USEPA to create the MCLs
came through the passage of the Federal Water Pollution Control Act Amendments of
1972 and 1977, commonly referred to the Clean Water Act (USEPA, 2006a; USEPA,
2006b). In this study the primary hypothesis is that increased concentrations of atrazine
over the 3 ppb MCL would be found in areas with large amount of no-till corn production
and karst landscapes. As a result, it was further hypothesized that there would be high
levels of atrazine in the northeast section of the Rough River Lake watershed, located in
Hardin County, because of its large corn production and karst landscape. Using a
Geographic Information System, this researcher set out to model and reveal a spatial and
temporal pattern to atrazine's movement in a rural, agriculture-dominated area.
Figure 1: Major Karst Areas of Kentucky
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Chapter 2: Background
There is extensive literature on atrazine contamination in non-karst watersheds
like the Midwest, but there have been few peer-reviewed articles on atrazine
contamination in karst landscapes; this lack may be due to a need for broader
understanding of the relationship between atrazine and karst. White (2002) has conducted
significant research on the basic structure of karst hydrology. He states that studying karst
hydrology requires an understanding of both surface and groundwater concepts. White
(2002) in his research over the years has found that surface water basins in non-karst
areas can be delineated without difficulty; however, water in karst areas can spill over
into adjacent basins. He also states that in studying non-point source contamination in
karst areas it is important to understand the five most common types of discharge. The
five types are open conduit springs, alleviated springs, rise pools, artesian springs, and
fracture springs. By understanding discharge within drainage karst basins, it is easier to
understand the movement of different pollutants within conduits and caves.
Understanding atrazine and its risks is important in the study of safe drinking
water. Watersheds used as drinking water sources that show high contamination levels
from these non-organic chemicals can pose potential health effects to humans. Atkinson
et al. (2001) point to past studies where research has shown that herbicides like atrazine
cause abundant health problems in laboratory animals. Seadler (2004) states that atrazine
has been labeled as a potential carcinogen (Stevens, et al., 1999; Coady, 2004).
As Atkinson et al. (2001) found, the use of atrazine is not limited to agriculture
use; it is also used in urban areas as well. Atkinson's et al. (2001) study examined a
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suburban watershed near Dallas, Texas, that supplies water to 3,000,000 people, and
concluded that there are two ways to address atrazine in drinking water. The first is to use
granulated activated carbon (GAC). GAC technology is efficient in treating such
chemicals as atrazine during the treatment process, but the system is costly and
sometimes difficult for smaller municipal utilities to fund. The second option for dealing
with atrazine would be to use better BMPs; for example, using different types of
herbicides, or even incorporating land use change, can benefit the watershed ecosystem
as well as human health.
Atkinson et al. (2001) focused on an area in northeast Texas with landscape
features of rolling hills and prairie land. Atkinson's et al. (2001) data on atrazine levels
came from the City of Dallas and the Institute for Applied Science, for the period 1994-
1999. In addition, their data tested for all the triazine line of chemicals.
Atkinson's et al. (2001) main purpose was to identify the distribution and areas
where potential risk for runoff was greatest. An atrazine risk model was created that
studied soil leaching potential, slope, and current land use. The study identified areas of
potential atrazine penetration, therefore allowing the identification of high priority water
sheds. Atkinson et al. (2001) concluded that this information would be valuable for
farmers to develop a watershed management policy.
Another critical issue is the potential risk that herbicide use has on a watershed's
ecosystem. The Environmental Protection Agency (USEPA) has been a creditable source
of statistical information on the use of herbicides in the United States (Colborn and Short,
1999). Other potential sources of information, according to Colbom and Short (1999), are
the United States Geological Survey, United States Department of Agriculture, and the
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National Centre for Food and Agricultural. Colborn and Short (1999) describe herbicide
use over the past decade by both farmers and homeowners; they leave out its heavy use
by professional lawn specialists.
Veselic's (2003) research focused on the general contamination of karst watersheds
by agriculture pesticides and natural bacterial or organic material. Veselic (2003, p. 327)
stated that it is important to remember:
When speaking of groundwater protection, we are generally thinking
of protection from pollution only. However, this is only one aspect of
the protection of natural resources. Apart from the quality protection,
we also have to protect quantity.
Four important questions need to be addressed in order to research pollution in karst
areas. First, what is the pollutant and where does the discharge occur? Second, what are
the hydrogeological conditions, and what type of bedrock formations are in the study
area. Third, what are the flow conditions, rate, velocity, and direction of the underground
channels? Finally, what are the concentrations of the pollutant at the source point, and
how much has been released? These four important questions are vital to understanding
what effects pollution will have on karst.
In order to control the disbursement of atrazine and other non-point source
pollutants Veselic (2003, p. 329) uses the term "groundwater protection paradigms (or
zones);" which simply means that each karst area's hydrology is unique to that particular
location affecting how water moves and how contamination spreads.
Veselic (2003) advocates four important questions that must be addressed in any
study of karst hydrology: First, what is the size of the groundwater protection zone or
what is the catch basin? Second, where, if at all, are the different zones merged together?
This question is very difficult and time consuming, and takes the research from a regional
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scale to more of a micro-level type study. Third, what impact has the pollution had on
the unsaturated zone, or the upper layers? Finally, what risk of contamination may occur
in the zone from land use— for example, agriculture, industry, or residential waste?
Gilliom et al. (2006) provide an extensive study of pesticide research in the major
hydrologic systems in the United States. This study looked at fifty-one major drainage
basins, including ground water, in large sections of the United States. The study sampled
surface water samples, sediment samples, and fish samples. At least one or more of the
seventy-one pesticides sampled were found ninety percent (90%) of the time, with the
most frequent of those commonly used in various activities including agriculture. Those
frequently found were atrazine, deethylatrazine, metolachlor, cyanazine, and acetochlor.
Crain's (2002a,b) excellent recent work, dealt with pesticide pollutants in karst
areas of Kentucky. Crain's (2002b) Ohio River study examined loads of selected
herbicides in the basin in Kentucky, Tennessee, West Virginia, Ohio, and Indiana. The
study focused on three herbicides widely used in the production of no-till corn: atrazine,
simazine, and metolachlor. Five sites were chosen for the sampling, three on the Ohio
River and two on major tributaries of the Ohio, the Wabash River and the Tennessee
River in Kentucky. Each site was sampled twelve to fifteen times per year from 1997 to
2000. Crain's (2002b) results revealed that atrazine had the highest mean annual load
with 205.32 metric tons, while simazine and metolachlor had 25.03 and 80.72 metric
tons, respectively.
Crain's (2002a) Green River study focused on eight karst springs within
Kentucky's Green River basin. In addition to analyzing nutrient levels discharging from
karst springs, she analyzed fifty different types of pesticides commonly used in the Green
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River basin. She found that of the top nine pesticides detected, one was an insecticide and
the remainder were herbicides. They include acetchlor, atrazine, metolachlor, metribuzin,
napropamide, premeton, simazine, and tebuthiuron all herbicides and chlorpyrifos an
insecticide. Atrazine was the only pesticide detected 100% of the time (Crain, 2002a).
Crain (2006) published another important study researching pesticides in the
Sinking Creek Basin located in Kentucky. The Sinking Creek Basin covers sections of
Breckinridge, Meade, and Hardin counties in Kentucky. The study sampled for
suspended sediment, nutrients, and common pesticides. Sixteen types of pesticides were
analyzed at seven locations, which included two surface streams, four karst springs, and
one karst window. Results revealed that atrazine once again was found 100% of the time
at all sample locations.
Seadler (2004) studied the Spa Lake area located in Lewisburg, Kentucky, which
is similar to the karst landscape of Rough River Lake. Her research dealt with a
significant explanation of the chemical properties of atrazine and the process by which
atrazine is screened in water samples. Seadler's (2004) methodology employed testing
procedures beginning in the early part of the year and increasing during peak application
times during the spring. The data revealed that atrazine levels reached 13.35 ppb in raw
water and 7.75 ppb in finished water during peak application times. This is above the
USEPA's maximum contamination level of 3 ppb, with a gradual decline as the year
continued.
The first year's data revealed no significant spikes. She states that there were two
reasons for this: (1) there was a drought, and (2) a major corn producer replaced atrazine
with the herbicide Balance. Other farmers followed by participating in a Kentucky
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Department of Agriculture "No Atrazine" program that paid farmers to use less-harmful
herbicides (Seadler, 2004).
Data from the second year found increased levels of atrazine compared to the
first. This change was significant because the Kentucky state government had suspended
the "no Atrazine" program, thereby forcing farmers to go back to using atrazine. Seadler
(2004) also found that precipitation patterns play a significant role in atrazine levels in
watersheds. If precipitation occurs during or after the application of atrazine, the MCL
could exceed 3.0 ppb. This change would support the study's hypothesis; because of the
intensive corn production in the Rough River Lake area, higher concentrations of atrazine
are likely to be found in karst areas after significant rain events. The karst influence
would be because karst areas tend to "flush" different pollutants and sediment at much
faster rates.
Chapter 3: Study Area
The Rough River Lake watershed is roughly 1700 km2 in size (figure 2). It is
located forty-five miles north of Bowling Green and sixty miles southwest of Louisville,
Kentucky. Rough River Lake is part of the Lower Green River basin, a large drainage
area that discharges into the Ohio River in Western Kentucky. The watershed's primary
land use is composed of agriculture upon a karst terrain, with various springs, sinkholes,
and blue-holes in the area. Sixty percent of the corn produced in the area is located in
Hardin County, while the remainder of the corn production is divided between
Breckinridge and Grayson counties. The Kentucky Department of Agriculture estimated
that, during 2004, Hardin County had 25,650 acres of corn, Breckinridge recorded 12,600
acres, and Grayson County had 8,400 acres (NASS, 2005). This much predominantly no-
till corn production increases the risk of atrazine contamination in the local watersheds.
The most recent data for atrazine sales in the tri-county area were from 2004
supplied by the Kentucky Department of Agriculture (2006). Atrazine sales for the three
counties located within the Rough River watershed: Grayson County 11,486 pounds,
Breckinridge 28,084 pounds, and Hardin County 45,752 pounds sold (Figure 3). Atrazine
sales data was used to estimate the amount of atrazine applied because no actual
application rates were found. The problem with using these type of data is that atrazine
may have been purchased in one county but used in another. Seadler's (2004) study was
able to use actual atrazine application rates because incentives were used to pay
producers to keep detailed records, thus allowing Seadler (2004) to calculate accurate
application amounts for the Spa Lake area.
15
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Rough River Lake is the source for four rural water treatment plants. They include
Hardin County Water District Number One, Grayson County Water District, the City of
Hardinsburg, and the City of Leitchfield. One of the four water treatment plants receives
its entire water supply from two karst springs. The other three receive their source water
from the lake. Municipal governments, water boards, or independent contractors manage
the water treatment plants and distribution network.
Recent United States Geological Survey (Crain, 2002b) and Kentucky
Environmental Quality Commission (2001) research found that the Green River basin
contains higher atrazine levels than allowed by current maximum contamination levels
(MCL), currently there parts per billion (ppb), set by the USEPA. Atrazine has been
found as high as five ppb during peak application times in the spring, and atrazine was
found in one hundred percent of all samples taken between May-September 2001 in the
USGS study (Crain, 2002a).
Figure 2: Rough River Lake Study Area
Source: Created by author from USGS (1994)
Atrazine Assessment of Rough River Lake Study Area
Louisville/
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Figure 3: Annual Atrazine Sales for the State of Kentucky
Source: Created by author from Kentucky Department of Agriculture (2005)
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Chapter 4: Methodology
I. Sample Collection Methodology
Eighteen sampling sites were chosen on the reservoir and major tributaries. The
Breckinridge, Hardin, and Grayson Counties University of Kentucky Cooperative
Extension Agents, along with personnel from the Kentucky Department of Agriculture
Division of Pesticides, and Western Kentucky University assisted in the selection of the
sample locations. The extension agents' familiarity with their respective counties' corn
production allowed the sampling sites to be strategically located within the watershed to
gain effective insight into the movement of atrazine (Figure 4, Appendix A-2).
Field reconnaissance began in February 2005; the reconnaissance allowed project
personnel to make observations of the terrain, verify the accessibility of each site, and
make any changes as deemed appropriate. After completing the field reconnaissance of
the committee's site locations, two were relocated due to accessibility and safety issues.
In addition, during field visits, latitude and longitude were recorded using a Magellan
handheld global positioning system (GPS) with an accuracy of 17 to 25 feet depending on
atmospheric conditions (see Appendix A-1). The coordinates were later loaded into a GIS
as point shape files representing sample locations.
A sampling schedule was established on an every-fourteen-day cycle during the
planting season (typically late April through May) and then on an every twenty-eight day
cycle during the remainder of the year. Sampling on a fixed schedule allowed for a
variety of weather events- such as snow, severe storms, and dry periods. Sampling began
on February 28, 2005 on a fourteen-day cycle through June 20, 2005 and then every
twenty-eight days through December 2005.
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Figure 4: Sampling Sites
Source: Created by author from USGS (1994)
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The standard operating procedures of the Technical Assistance Center for Water
Quality in Western Kentucky University's Center for Water Resources were followed for
all sampling activities (TACWQ, 2002). During each sampling round, four collectors
were split into two teams, one team collected all samples accessible by road using a
automobile, while the other collected samples on the lake using a fourteen-foot Jon boat
equipped with a 25-horsepower Johnson outboard motor. Each sampling group received a
supply of nitrile gloves, 40 mL amber USEPA-approved sampling bottles, data sheets
and/or field book, chain of custody sheet (COC), and a cooler. During each sample
collection, the bottle was submerged three inches under the surface and rinsed three times
before the sample was collected. Care was taken too ensure that a zero headspace of
sample was achieved with each collection. During each collection, water temperature,
pH, and conductivity were taken using a portable measurement device.
Subsurface samples were collected from the lake (locations GC007, LL008,
LE012, and WC013) using a stainless-Teflon Kemmerer Bottle, which was rinsed three
times before the final sample was collected (Figure X). The Kemmerer bottle was
lowered to one, three, and five meter depths at GC007. LL008, and WC013. At the
LEO 12 site, only one, two, and three meter depths were collected due to the shallow lake
depth. During the winter months when the lake was at winter pool, most locations were
able to collect at only one, two, and, depending on the location, three meter depths.
All samples were stored on ice and kept at 4.0° C or less. The samples were
delivered to the Hoffman Environmental Research Institute's Lab, along with a Chain of
Custody sheet, for analysis.
Figure 5: Summary of Sample Locations
Site Id
CC001
MC002
LC003
HS004
LC005
RR006
GC007
LL008
NF009
CH010
MP011
LE012
WC013
RR014
MC015
NF016
RS017
PS018
Location
Clifty Creek at Salt River Road
Meeting Creek at Salt River Road
Little Meeting Creek at Salt River Road
Hardin Springs on HWY 84
Linders Creek on Salt River Road
Rough River on Pierce Mill Road
Grayson County Water District Intake
Long Lick Creek on HWY 79
North Fork Rough River
City of Hardinsburg Intake
Muddy Prong on HWY 690
City of Leitchfield Intake
Walters Creek
Rough River at Hwy 259
Meeting Creek
North Fork (Clear Prong and Muddy Prong)
Head of Rough Spring
Hardin County Intake #1 (Pirtle Springs)
Landuse
Row crops and Pasture
Wooded and Pasture
Row crops and Pasture
Wooded and Pasture
Wooded
Row crops and Pasture
Reservoir
Reservoir
Row crops and Pasture
Reservoir
Row crops and Pasture
Reservoir
Reservoir
Reservoir
Wooded and Pasture
Reservoir
Row crops and Pasture
Row crops and Pasture
Stream
Type
Stream
Stream
Stream
Stream
Stream
Stream
Reservoir
Reservoir
Stream
Reservoir
Stream
Reservoir
Reservoir
Reservoir
Stream
Reservoir
Spring
Spring
Water
Treatment
Plant
No
No
No
No
No
No
No
No
No
Yes
No
Yes
No
No
No
No
Yes
Yes
Surface
Samples
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Subsurface
Samples
No
No
No
No
No
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
No
No
23
II. Data Analysis
The Hoffman Environmental Research Institute Lab conducted all analyses, using
an atrazine enzyme linked immunosorbent assay (ELISA) or commonly called an
immunoassay kit. Atrazine immunoassay kits require all samples to be analyzed within
fourteen days after collection. Though it is a USEPA-approved form of screening, it is
not an efficient quantitative form of analysis, due to potential cross contamination with
similar trazine-family chemicals and the limited maximum concentration readings up to 5
ppb. Even with its disadvantages, the immunoassay kits are an effective tool to screen for
various chemical compounds such as atrazine. The cross-reactivity problem with ELISA
kits can occur when the presence of different trazine family of chemicals are found in
samples. They include Propazine, Ametryn, Prometryn, Desethyl Atrazine, Terbutryn,
Terbutylazine, Simazine, Desisopropyl Atrazine, and Cyanazine (Strategic, 2006).
The atrazine immunoassay kits were purchased directly from Strategic
Diagnostic, Inc., with each kit having a six-month expiration date from the time it was
produced. During the analysis, four standards were used with known concentrations of
0.1, 1.0, and 5.0 ppb. A control was used with a known concentration of approximately 3
ppb. Two hundred micro-liters (200uL) of standards and samples were inserted into each
test tube. After the addition of color solution, stopping solution, and prescribed
incubation time, results were analyzed using a spectrophotometer at 450 nanometers. For
samples with concentrations over 5 ppb, each sample was diluted by half (lOOuL) with
the remainder filled with washing solution (lOOuL) and then re-analyzed using the
sample procedures as described above.
24
III. Spatial Data Analysis Methodology
A Geographical Information System (GIS) system was used to generate base
maps, analyze the spatial and temporal characteristics of the pollutant, and visualize the
temporal evolution of the spatial distribution of atrazine concentrations. The GIS was
able to produce a map of the area and visualize the movement of atrazine within the
watershed over the study period. The GIS software package used was Arc/GIS version
9.1, developed by Environmental Systems Research Institute, Inc.
Different GIS base layers were acquired, with the majority coming from the
Kentucky Division of Geographic Information. Layers included base streams, lakes,
roads, rail lines, and sinkhole layers. All sources were changed from the original
published projection to Kentucky State Plane South and the North American Datum 83
projections. All sample locations where loaded into Arc/GIS 9.1 as shapefile points and
snapped onto the stream channel layer.
The data used in this study were collected from February 2005 through December
2005, with 419 samples generated. In order to visualize the temporal evolution and
spatial distribution of atrazine within the watershed, two possible processes were
reviewed: Global Polynomial Interpolation (GPI) and kriging. Both GPI and kriging are
spatial predication models well suited to predicting levels of a particular element where
no sample was taken. For example, GPI is an excellent process for creating prediction
maps outlined with contour maps, as it can determine possible air pollution levels in areas
where no sample was collected. In this study GPI was used as a data exploratory tool to
visualize the temporal evolution of the spatial distribution of atrazine concentration
within the Rough River Reservoir watershed
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Arc/GIS was used for both processes and the systematic process using ARC
Map's Geostatistical Wizard is shown below (Figures 6-8). In step one, the sampling date
was chosen from the joined attribute field. These data reflect the atrazine concentration
recorded for a particular sampling date. Next, GPI was chosen to visualize movement of
atrazine to be used in the calculation (Figure 6). The next step is to choose the order in
which the calculation is run, for this study a factor of two (2) was chosen (Figure 7). The
final step calculates the predication curve for the data set chosen (Figure 8).
Figure 6: ARC Map Geostatistical Wizard Step 1
Geostatistical Wizard: Choose Input Data and Method
Oalaset 1
Input Data:
Attribute:
X Field
Y Field
|Sample Sites _^ J j J J
llli.«ll--lmj|JJ!BHl)Jdlk>iMH—jrj
| wrf_fin Shape
r Use NODATA value: f
r Vatdation
Tip: Validation creates a model lor a subset of data and
predicts values for the rest of the locations.
Methods
Local Polynomial Interpolation
Radial Basis Functions
Knojng
Cokriging
About Global Polynomial Interpolation
Global Polynomial (GP) is a quick deterministic interpolator that is smooth (inexact).
There are very few decisions to make regarding model parameters It is best used
fo< surfaces that change slowly and gradually However, there is no assessment of
prediction errors and it may be too smooth Locations at the edge of the data can
have a targe effect on the surface. There are no assumptions requied of the data.
Eat Next > Finish Cancel
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Figure 7: ARC Map Geostatistical Wizard Step 2
Geostatistical Wizard - Global Polynomial Interpolation: Step 1 of 2 - Set Parameters
Figure 8: ARC Map Geostatistical Wizard Step 3
Geostatistical Wizard - Global Polynomial Interpolation: Step 2 of 2 • Cross Validation
Chat
Predcted | Era |
- 44
' 343
| 2 46
I 1 49
£ 0 52
-045
-1 42
j •
r—1 -crr^" 1
.———* r—ij
i
:
-1 42
Hegiftsston function
-045 0 52 1 49 2 46 343 440
Measured, 1O1
0.346" x • 0.090
Piedcten E(tois
Man
Rool-Mun-Squae:
Samples 18 of 18
-0005048
0.1708
X
1430400
1434000
1442300
1444400
1454600
1454700
1456300
I Y
2114700
2097500
2117200
2093500
2117500
2135700
2089800
0
0
0
0
0
029
0
BHU
id I Predated
0 083433
-014168
013477
•0.10968
017854
•0 096494
-0 084192
I Era *
0.083439
-014168
0.13477
•010966
0.17854
•0 38649
-0 084192 •*
1 ^ll
Save Cross Validation. <Bsck Fmh Cancel
Chapter 5: Results and Data Analysis
I. Data Results
Data results for the sampling period of February through December 2005 reveal a
definite spatial and temporal pattern of atrazine concentrations within the Rough River
Lake Reservoir. As Table 1 reflects, four hundred nineteen samples were collected over
the study period. Thirty-seven or 8.83% of those samples exceeded the MCL of 3 ppb; of
those exceeding the MCL, two (WCO13.5 and RR014) were over 10 ppb. Locations with
the means greater than 2 ppb were more often-subsurface samples. In figure 8 below,
locations with ".A" reflect finished water samples taken at the four water treatment plants
located within the watershed. Samples with .1, .2, .3, or .5 are subsurface samples taken
at one, two, three, or five meter depths.
The following figures (9-26) represent all surface samples taken during the study
period. The peak atrazine concentrations occurred on May 23, 2005, with twelve surface
sites exceeding the 3 ppb guidelines and then gradually declining through the subsequent
months. There was, however, a slight increase during the September sampling, probably
due to the heavy precipitation that occurred from the remains of Hurricane Katrina in the
region.
Figure 27 displays the surface concentrations of atrazine over the study period. As
the map reveals, samples collected from the lake show stable concentrations over longer
periods. Tributaries show an elevated spike occurring on May 23, 2005 and then a rapid
decrease the following months. Another important element demonstrated is Figure 9 is
the obvious effect that the reservoir has on the increased residence time of atrazine due to
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its larger volume and lower water velocity, while the tributaries showed lower
concentrations of atrazine most likely due to higher velocity and smaller volume of water.
Table 1: Atrazine Concentrations by Sampling Site, 2005
Summary: February 2005-December 2005
LOC
CC001
MC002
LM003
HS004
LC005
RR006
GC007
GC007 A
GC007.1
GC007.3
GC007.5
LL008
LL008.1
LL008.2
LL008 3
LL008.5
NF009
CH010
CH010.A
MP011
LE012
LE012.A
LE012.1
LE012.2
LE012.3
WC013
WC013.1
WC013.2
WC013.3
WC013.5
RR014
MC015
NF016
RS017
PS018
PS018.A
mcl (ppb)
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3 00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
#of
samples
13
14
15
15
13
13
14
6
11
11
11
11
12
1
10
10
15
14
13
11
14
13
11
9
11
12
11
1
11
10
13
15
14
13
14
14
Max concentration
recorded
1.75
3.13
1.33
4.95
0.32
4.43
2.18
3.48
2.01
3.69
4.75
2.11
2.09
1.24
2.64
6.00
4.38
3.27
1.76
6.43
3.41
3.52
3.81
3.30
3.76
2 66
2.68
1.15
6.51
10.33
11.18
3.54
4 99
4.09
4.69
3.95
# of samples
exceeding mcl
0
1
0
1
0
1
0
1
0
1
3
0
0
0
0
3
1
1
0
2
1
2
2
2
3
0
0
0
2
1
4
1
1
1
1
1
% of samples
exceeding mcl
0.00%
7.14%
0.00%
6.67%
0.00%
7.69%
0.00%
16 67%
0 00%
9.09%
27.27%
0.00%
0.00%
0.00%
0 00%
30.00%
6 67%
7 14%
0.00%
18 18%
7.14%
15.38%
18.18%
22 22%
27.27%
0 00%
0.00%
0 00%
18.18%
10 00%
30.77%
6.67%
7.14%
7.69%
7.14%
7.14%
mean
0.21
0.42
0.26
0.58
0.08
0 63
0.93
1.07
1.07
141
1.87
1 16
1.19
1.24
1.51
2.23
0.59
1.45
0 60
1 14
1 27
1 18
1 72
1.96
2 06
1 44
1.49
1.15
2 16
2.31
2.42
0.41
1.45
0.65
0.62
0.55
Total: 419
"Sample sites with A are finished water samples
"Si tes with 1, 2, 3, .5 are stratified samples taken at 1, 2, 3, or 5 meter depths.
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Figure 9: Clifty Creek, CC001
Location: Clifty Creek at Kentucky State Route 920; CC001
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.02
007
0.02
0.07
0.09
1.75
0.37
0.11
0.00
0.01
0.08
0.03
0.01
0.07
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
3.5
3
-» 2.5
a.
I
! 1.5
a
 1
0.5
•MCL
Raw Water Atrazine(ppb)
^
-O - Q *
^ ^ ^ , '«. ^ ' « , ^ > s
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
Figure 10: Meeting Creek. MC002
Location: Meeting Creek at Kentucky State Route 920, MC002
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.20
0.02
0.25
<0.1
0.09
0.12
3.13
0.71
0.16
0.89
0.01
009
0.03
<01
001
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
•MCL
Raw Water Atrazine(ppb)
^
X X ;v%\\\ >\
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 11: Little Meeting Creek, LM0Q3
Location: Little Meeting Creek at Kentucky State Route 920, LM003
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.26
0.04
0.19
0.18
0.17
0.16
1.33
033
0.11
0.70
0.12
0.12
0.04
0.02
0.11
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3.5
3
2.5
2 2
« 1.5
1
0.5
TO
a
•MCL
Raw Water Atrazine(ppb)
% '*,x
or S
9A V/ . *>/.,
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 12: Hardin Springs. HS004
Location: Hardin Springs at Kentucky State Route 84, HS004
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.28
0.07
0.12
0.06
0.29
0.50
4.95
0.77
0.89
0.11
<0.1
0.15
0.13
0.33
008
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
MCL is maximum concentration level
O.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
•MCL
• Raw Water Atrazine(ppb)
c
.2 4
01
a
2
1
O*. c?<, c?<v Q*. O*. _ c Yf ."O^~ "51
*<s. V ^ V*."<W^
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
Figure 13: Little Meeting Creek, LC005
Location: Little Meeting Creek at Kentucky State Route 920, LC005
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(ppb)
026
004
0.13
<0.1
0.24
0.00
0.32
0.09
0.03
<0.1
<0.1
<0.1
0.08
0.01
002
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
c
o
a>
a
3.5
3
2.5
2
1.5
1
0.5
•MCL
Raw Water Atrazine(ppb)
X \ \ \ \ \ X X X \
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 14: Rough River at Pierce Mill Road. RR006
Location: Rough River at Pierce Mill Road, RR006
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.44
0.20
0.16
0.08
0.38
0.52
4.43
0.63
0.83
<0.1
0.03
0.20
0.03
0.10
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
c
o
a
CO
a
•MCL
Raw Water Atrazine(ppb)
% ^
% %
•* ^ ^ S ^ X i e
•\ %\,
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
Figure 15: Grayson County Water District Treatment Plant, GC007
Location: Grayson County Water Treatment Plant Intake on Rough River Lake, GC007
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(ppb)
0.14
0 22
005
0.05
0.19
1.14
1.83
1.27
2.18
1.84
1.67
1.08
0.84
0.58
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3.50
•§. 3.00
2 5 0
2
~ 2.00
a>
o§ 1.50
O
I 1.00
'N
(0
•fa 0.50
0.00
Raw Water Atrazine(ppb)
•MCL
•9.
% . \\W \ \ X
v# i X ' V "°<
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 16: Long Lick Creek. LL008
Location: Long Lick Creek on Rough River Lake, LL008
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
0.15
0.08
0 45
1.62
1.44
1.60
1 86
0 83
2.11
1.52
1 10
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3.50
Raw Water Atrazine(ppb)
•MCL
n
a
a
tio
n
rit
ra
u
o
o0)
'N
CO
3.00
2.50
2.00
1.50
1.00
0.50
0.00
V \ - \ . V V ^ ^% ^
MCL is maximum concentration level
<0.10 Minimum detection level of test kit
IA is immounoassy anyalsis used
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005
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Figure 17: North Fork at KY 690. NF009
Location: North Fork at Kentucky State Route 690, NF009
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(PPb)
029
029
009
0 09
013
0 53
4.38
1.49
0 87
0.27
<0.1
0 18
013
005
<0 1
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
MCL is maximum concentration level
<0.10 Minimum detection level of test kit
IA is immounoassy anyalsis used
5.00
S- 4.50
3 4.00
o 3.50
| 3.00
§ 2.50
§2.00
« 1.50
§ 1.00
< 0.50
0.00
• Raw Water Atrazine(ppb)
•MCL
^
V* ~c?- -c?o SamplFDate
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005
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Figure 18: Hardinsburg Water Treatment Plant, CH010
Location: Hardinsburg Water Treatment Plant at Kentucky State Route 259, CH010
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
Raw
Water
Atrazine
(ppb)
007
0.05
0.23
025
2.91
2.25
3.27
2.17
2.40
1.19
1.98
1.97
1.24
0.29
Raw
Water
Method of
Analysis
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3.50
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io
n
 
(
itr
at
Co
nc
ei
c
tr
az
i
3.00
2.50
2.00
1.50
1.00
0.50
0.00
Raw Water Atrazine(ppb)
•MCL
leDate
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used.
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 19: Muddy Prong. MP011
Location: Muddy Prong at Kentucky State Route 690, MP011
Atrazine Concentration
Sample
Date
28-Feb-05
14-Mar-05
28-Mar-05
11-Apr-05
25-Apr-05
9-May-05
23-May-05
6-Jun-05
20-Jun-05
18-Jul-05
15-Aug-05
16-Sep-05
10-Oct-05
7-Nov-05
5-Dec-05
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Water
Atrazine
(PPb)
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0.11
6.43
4.12
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Water
Method of
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IA
IA
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IA
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IA
IA
IA
IA
MCL
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
MCL is maximum concentration level
<0.10 Minimum detection level of test kit.
IA is immounoassy anyalsis used
7.00
•§. 6.00
Q.
Raw Water Atrazine(ppb)
•MCL
0.00
%. \ % X^^
V& *fr Xfr V& Vs "*
'<*
stmp&Date^ V \ \
^\\x\
Source: Created by author from data collected during the Rough River Lake atrazine assessment grant, Feburary - December 2005.
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Figure 20: Leitchfield Water Treatment Plant, LEO 12
Location: Leitchfield Water Treatment Plant Intake on Rough River Lake, LE012
Atrazine Concentration
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Figure 21: Walters Creek, WC013
Location: Walters Creek near Kentucky State Route 631, WC013
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Figure 22: Rough River HWY 259, RR014
Location: Rough River Lake at Kentucky State Route 259, RR014
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Figure 23: Meeting Creek at HWY 347, MC015
Location: Meeting Creek at Kentucky State Route 347, MC015
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Figure 24: North Fork at McCoy - Roff Road. NF016
Location: North Fork at McCoy- Roff Road, NF016
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Figure 25: Head of Rough Spring, RS017
Location: Head of Rough Spring, RS017
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Figure 26: Pirtie Spring, PS018
Location: Hardin County Water District Plant (Intake #1) at Pirtie Spring
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Figure 27: Atrazine Concentrations March 2005 - December 2005
Source: Created by author from data collected during the Rough River Lake atrazine study.
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II. Precipitation and Monthly Mean
Precipitation will impact the dispersion of atrazine, so a figure was created to
show if there were any significant rainevents during the study period, and if so, did they
correspond with the higher concentrations of atrazine. As Graph 19 reveals, precipitation
did not appear to play a critical role in determining atrazine concentrations, as did the
timing of application. As figure 27 reveals, the atrazine mean concentration remained
above 1.5 ppb May through July, while receiving less than a total of 4 inches in
precipitation. Samples collected in September revealed a slight increase in atrazine
concentrations after a total of six inches of precipitation occurred probably due to the
remnants of Hurricane Katrina.
Figure 28: Monthly Precipitation and Atrazine Mean
Source: Created by author from the United States Corps of Engineers (2006)
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III. Spatial Analysis
In order to explore the temporal and spatial distribution of atrazine concentrations
within the study area, Global Polynomial Interpolation analysis was used. This process
uses the geographic coordinates with a defined attribute value, in this case atrazine
concentration, to construct filled contour lines that represent the predicted movement of a
particular attribute (CTSullivan, 2003). In this study, it represented the movement of an
atrazine plume through the Rough River Lake watershed over the study period.
As the following maps show for the months of February, March, and April
atrazine concentrations remained under 0.99 ppb within the watershed (Figures 29-31).
During the first round of sampling in May, concentrations increase in the south-west
section of the study area. During the last sampling round in May, a large part of the area
recorded concentrations over the 3 ppb MCL benchmark. For the following months,
atrazine concentrations stayed above 2 ppb for locations on the lake (Figures 33-39). For
October through December, we see the atrazine plume, though at decreased levels, move
on out through the lake (Figures 40-42).
Figure 29: Global Polynomial Interpolation Analysis: February 28, 2005
Global Polynomial Interpolation Analysis: Rough River Lake Reservoir
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Figure 30: Global Polynomial Interpolation Analysis: March 14. 2005
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Figure 31: Global Polynomial Interpolation Analysis: March 28, 2005
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Source: Created by author from data collected on March 28,2005
Figure 32: Global Polynomial Interpolation Analysis: April 25, 2005
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Figure 33: Global Polynomial Interpolation Analysis: May 9, 2006
Global Polynomial Interpolation Analysis: Rough River Lake Reservoir
N
Ltgtrtd
m. y ins
12 18
I Kilometers
Source: Created byauthor from data collected on May9,2005
54
Figure 34: Global Polynomial Interpolation Analysis: May 23. 2005
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Figure 35: Global Polynomial Interpolation Analysis: June 6, 2005
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Source Created by author from data collected on June 6,2005
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Figure 36: Global Polynomial Interpolation Analysis: June 20. 2005
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Figure 37: Global Polynomial Interpolation Analysis: July 18. 2005
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Figure 38: Global Polynomial Interpolation Analysis: August 15. 2005
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Figure 39: Global Polynomial Interpolation Analysis: September 16, 2005
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Figure 40: Global Polynomial Interpolation Analysis: October 10, 2005
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Figure 41: Global Polynomial Interpolation Analysis: November 7. 2005
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Figure 42: Global Polynomial Interpolation Analysis: December 22, 2005
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Chapter 6: Conclusions and Discussion
I. Conclusions
Based on the data, collected from February through December 2005, the study did
find there is a definite temporal and spatial distribution of atrazine within the study area.
Samples taken from areas with highest corn production and within karst landscapes show
only one occurrence of atrazine levels over the MCL of 3 ppb. This finding was during
the May 23, 2005, sampling round when seven Hardin County samples or 68% exceeded
the 3 ppb MCL. It was later discovered that an extensive campaign had been launched in
the Hardin County area to encourage farmers to sign up for federally funded programs,
such as the Conservation Reserve Program (CRP). CRP is a federally funded program
that promotes the building of riparian zones or sometimes referred to as buffer strips.
The riparian zones aid in reducing the amount of atrazine that escapes from fields. The
riparian effort was lead by a farmer in the area along with educational support from both
state and federal agencies (Ragan, 2006).
The GPI process revealed a definite spatial and temporal pattern as regards to
atrazine concentrations within the watershed. With the use of a GIS, GPI was able to
visualize the movement of atrazine during the 2005 growing season in the Rough River
watershed. Beginning in February and on through April, atrazine levels were under the
MCL benchmark of 3 ppb. During May, concentrations increased with the RR014 site
recording the highest concentration of 11.18 ppb. Beginning in June, atrazine
concentrations began decreasing with only a slight increase in September. In October,
atrazine concentrations began to decrease once again; we then see the atrazine plume
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move out of the watershed and end the year with levels under 0.99 ppb in December.
It can be concluded that the Rough River Reservoir or lake plays a considerable
part in retaining higher mean concentrations of atrazine long after the application season
has ended. This increased residence time is probably due to the larger volume of water
and lower velocity of the reservoir compared to the tributaries. The tributaries residence
times are much shorter leading to lower concentrations of atrazine. Lower concentrations
of atrazine in the tributaries could be due to higher velocity and smaller volume of water
within the system. It then can be concluded, because three of the four water treatment
plants in the watershed are located on the lake, they are at a greater risk of receiving
higher levels of atrazine long after the application season has ended.
II. Discussion
As this study has shown, there is a definite spatial and temporal movement
of atrazine within the Rough River Lake watershed. As illustrated, the levels of atrazine
remained under 0.99 ppb through April and then began increasing in May thus leading to
higher concentrations over the 3 ppb MCL through July. However, to understand how
atrazine moves within this watershed, at least three years of data during the growing
season should be collected in future studies. Developing three more years of data would
reveal what effect crop rotation, the alternating of corn and soybeans from year to year,
plays in the spatial pattern of atrazine's movement within this watershed.
Another potential topic of further study would be the sampling of major storm
events, for example one a month with a total of six during the year. The data may reveal
that higher concentrations do occur in the tributaries after the initial flush occurs, either
from surface runoff or cave and conduit discharges. In addition, if storm event sampling
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had occurred during this study, it may have revealed higher concentration levels on the
tributaries and, therefore, in the heavy production areas.
Future studies might use biweekly sampling during the non-growing season, but
should sample on a weekly or daily schedule during the peak application times. If
sampling had occurred on a weekly or daily basis, the data may have revealed higher
concentrations in the Hardin County tributaries.
Further studies could also analyze the correlation between precipitation and
atrazine concentrations. Ernest Collins, of the Kentucky Department of Agriculture's
Division of Pesticide, said that previous experience in atrazine research has revealed that
if no major storm events occurred after the application, concentration levels tended to
remain higher for a longer period time. If significant storm events occurred after the
application of atrazine, concentrations tended to increase rapidly and then decrease
rapidly during later months (Collins, 2006).
The data have also shown that certain locations like RR014, MP011, HS004, and
RR006 streams may be eligible for addition to Kentucky's 303(d) list of impaired
streams. In order to remediate these impaired locations, stream flow data along with
samples must also be collected. Once stream flow and samples are collected, a total
maximum daily load (TMDL) could then be calculated in order to address the problem.
The TMDL plan would address such issues as determining the primary use of the stream
as well as the local land-use near each sample site. The TMDL would be a long-range
plan that would aid in reducing atrazine levels and address the problem for local
stakeholders, state, and federal agencies.
This study does show there is a definite movement of atrazine and that with the
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lack of significant flow of water in the reservoir, it does have a major affect on atrazine
concentration levels in the lake. As the techniques have demonstrated, atrazine
accumulates in the reservoir and remains elevated for longer periods. The data from this
study may benefit water treatment plants managers in the area, allowing them to make
informed decisions on the timing of extracting water from various depths in the lake,
reducing the risk of exceeding the USEPA's maximum contamination levels. Because all
three treatment plants on the reservoir are able to pull from different depths, they could
time their intakes depths throughout the growing season by pulling from the lower levels
early in the application season and then over time move to higher intakes as the atrazine
moves down in the water column.
Policy implications from this study could be significant. The certain areas that
were found to high levels of atrazine may need state and/or federal regulations and
assistance programs put in place to address the problem. Agencies such as the Kentucky
Department of Agriculture may need to look at implementing programs that would create
additional educational programs, as well as best management programs that would
promote the development of new types of riparian zones and storm water retention ponds
that could reduce the amount of atrazine loss from fields (Ragan, 2006). Another
potential solution to the problem may be the creation of a watershed management plan
that would address the land use, agriculture production, and current BMPs that are in
place, and focus more on the sources and ways to address the problem. No matter what
types of future programs are created, it is vitally important that all individuals living and
working within the watershed must acknowledge that there is a problem and that it can be
resolved only by a team effort.
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Appendix A-l: Rough River Sample Locations Latitude and Longitude
Rough River Lake Atrazine Assessment Sample Locations
Location
Clifty Creek on Kentucky State Route 920
Meeting Creek on Kentucky State Route 920
Clifty Creek on Kentucky State Route 920
Hardin Springs at Kentucky State Route 84
Linders Creek at Kentucky State Route 920
Rough River at Pierce Mill - Constantine Road
Grayson County Water Treatment Plant Intake on Rough River Lake
Grayson County Water Treatment Plant Intake on Rough River Lake
Grayson County Water Treatment Plant Intake on Rough River Lake
Grayson County Water Treatment Plant Intake on Rough River Lake
Grayson County Water Treatment Plant Intake on Rough River Lake
Long Lick Creek near Kentucky State Route 79
Long Lick Creek near Kentucky State Route 79
Long Lick Creek near Kentucky State Route 79
Long Lick Creek near Kentucky State Route 79
Long Lick Creek near Kentucky State Route 79
North Fork at Kentucky State Route 690
Hardinsburg Water Treatment Plant at Kentucky State Route 259
Hardinsburg Water Treatment Plant at Kentucky State Route 259
Muddy Prong at Kentucky State Route 690
Leitchfield Water Treatment Plant Intake on Rough River Lake
Leitchfield Water Treatment Plant Intake on Rough River Lake
Leitchfield Water Treatment Plant Intake on Rough River Lake
Leitchfield Water Treatment Plant Intake on Rough River Lake
Leitchfield Water Treatment Plant Intake on Rough River Lake
Walters Creek near Kentucky State Route 631
Walters Creek near Kentucky State Route 631
Walters Creek near Kentucky State Route 631
Walters Creek near Kentucky State Route 631
Walters Creek near Kentucky State Route 631
Rough River at Kentucky State Route 259
Meeting Creek at Kentucky State Route 347
North Fork at McCoy Roff Road
Hardin County Water District (Intake #2) at Head of Rough Spring
Hardin County Water District Plant (Intake #1) at Pirtle Spring
Hardin County Water District Plant (Intake #1) at Pirtle Spring
ID
CC001
MC002
LM003
HS004
LC005
RR006
GC007
GC007.A
GC007.1
GC007.3
GC007.5
LL008
LL008.1
LL008.2
LL008.3
LL008.5
NF009
CH010
CH010.A
MP011
LE012
LE012.A
LE012.1
LE012.2
LE012.3
WC013
WC013.1
WC013.2
WC013.3
WC013.5
RR014
MC015
NF016
RS017
PS018
PS018.A
LAT.
37.555113
37.576050
37.599530
37.612120
37.629670
37.694120
37.586470
37.586470
37.586470
37.586470
37.586470
37.633600
37.633600
37.633600
37.633600
37.633600
37.692220
37.640650
37.640650
37.668150
37.565120
37.565120
37.565120
37.565120
37.565120
37.572190
37.572190
37.572190
37.572190
37.572190
37.591430
37.566070
37.638690
37.718659
37.696875
37.696875
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
LONG.
86.23112
86.21608
86.19457
86.25932
86.18857
86.13112
86.462270
86.462270
86.462270
86.462270
86.462270
86.47495
86.47495
86.47495
86.47495
86.47495
86.39135
86.43518
86.43518
86.30853
86.38487
86.38487
86.38487
86.38487
86.38487
86.42760
86.42760
86.42760
86.42760
86.42760
86.32932
86.17257
86.40870
86.08094
86.10808
86.10808
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
w
w
w
w
w
w
w
w
w
w
w
w
Source: Collected by author, February 2005.
*Map datum NAD83
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Site Id
CC001
MC002
LC003
HS004
LC005
RR006
GC007
LL008
NF009
CH010
MP011
LE012
WC013
RR014
MC015
NF016
RS017
PS018
Appendix
Location
Clifty Creek at Salt River Road
Meeting Creek at Salt River Road
Little Meeting Creek at Salt River Road
Hardin Springs on HWY 84
Linders Creek on Salt River Road
Rough River on Pierce Mill Road
Grayson County Water District Intake
Long Lick Creek on HWY 79
North Fork Rough River
City of Hardinsburg Intake
Muddy Prong on HWY 690
City of Leitchfield Intake
Walters Creek
Rough River at Hwy 259
Meeting Creek
North Fork (Clear Prong and Muddy Prong)
Head of Rough Spring
Hardin County Intake #1 (Pirtle Springs)
A-2: Sample Site Descriptions
Landuse
Row crops and Pasture
Wooded and Pasture
Row crops and Pasture
Wooded and Pasture
Wooded
Row crops and Pasture
Reservoir
Reservoir
Row crops and Pasture
Reservoir
Row crops and Pasture
Reservoir
Reservoir
Reservoir
Wooded and Pasture
Reservoir
Row crops and Pasture
Row crops and Pasture
Stream
Type
Stream
Stream
Stream
Stream
Stream
Stream
Reservoir
Reservoir
Stream
Reservoir
Stream
Reservoir
Reservoir
Reservoir
Stream
Reservoir
Spring
Spring
Water
Treatment
Plant
No
No
No
No
No
No
No
No
No
Yes
No
Yes
No
No
No
No
Yes
Yes
Surface
Samples
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Subsurface
Samples
No
No
No
No
No
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
No
No
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WWD_NO
CC001
MC002
LM003
HS004
LC005
RR006
GC007
GC007.A
GC007.1
GC007 2
GC007.3
GC007.5
LL008
LL008 1
LL0082
LL008 3
LL008 5
NF009
CH010
CH010 A
MP011
LE012
LE012A
LE0121
LE0122
LE012.3
WC013
WC013 1
WC0132
WC013 3
WC013 5
RR014
MC015
NF016
RS017
PS018
PS018A
February-05
0 2 0
0 26
0 28
0 26
0 44
0 2 9
0 25
0.34
0 3 1
Appendix B-l: Data
March 14, 2005
0 02
0 02
0 04
0 07
0 04
0 20
0 14
0 15
0 0 4
0 29
0 07
0 13
0 10
0 04
0 92
0 11
0 13
008
0 13
0 14
March 28, 2005
0 07
0 25
0 19
0 12
0 13
0 16
0 22
0 06
0 09
0 05
0 08
0 13
0 16
0 07
0 14
0 07
0 14
0 20
0 07
0 0 7
Results February 23, 2005 - June 6. 2005
Apnl 11, 2005
0 02
<0 1
0 18
0 06
<0 1
0 0 8
0 0 5
0 0 2
0 06
0 0 8
0 08
0 02
0 0 8
0 1 3
0 09
0 23
0 0 4
0 19
0 15
0 28
0 19
0 20
0 18
0 16
0 18
0 2 8
0 16
0 12
0 28
0 31
0 30
nd
nd
Apnl 25, 2005
0 07
0 09
0 17
0 29
0 24
0 38
0 05
0 05
0 0 6
0 05
1 19
1 02
1 14
0 98
0 13
0 25
0 12
0 23
0 27
0 34
0 26
0 38
0 14
0 21
0 18
0 2 0
0 13
0 0 6
0 2 1
0 27
0 16
0 20
May 9, 2005
0.09
0 12
0 16
0 50
0 0 0
0 52
0 19
0 17
0 2 8
0 38
0 45
0 51
1 10
1 17
0 53
2 91
<0 1
0 11
1 20
nd
•1 22
1 56
372
0 6 9
0 58
0 81
0 47
May 23. 2005
1 75
1 33
4 M
0 32
1 14
1 11
1 57
June 6, 2005
0 3 7
0 71
0 33
0 77
0 0 9
0 63
1 83
1 62
1 50
264
1.59
3 6 9
1 73
1 44
1 70
1.66
• 00 4.4 •
|1 49
2 25
0 66 ^ 3
3 4.12
|2 93
|2 42
1 I III 1
2 03 |2 66
H 2 68 |2 54
•0 11
1 21
0 85
0 78
0 78
•
10 13
11 18
3 5 4
•
2 81
•
•
s I
0 62
2 91
0 86
1 06
1 04
MCL 3 00 3 00300 3.00
'Sample sites with A are finished water samples
" Sites with .1 ,2 , .3, .5 are stratified samples taken at 1, 2, 3, or 5 meter depths
' " Nd are samples that recorded a non-detect
• " * Cells left blank reflect no sample taken
3 00 300
#AII results are in parts per billion (ppb)
TOver theMCLof 3 ppb
3 00 3.00
7S
June 20, 2005
0 11
0 16
0 11
0 89
003
083
1 27
2 18
1 35
1.57
Appendix B-2: Data
3 28
1 60
1 00
1 88
3.37
0 87
2 17
1 76
0 79
2 23
1 77
2 16
2 53
2 92
1 77
1 43
1 97
2 16
022
2 14
059
0 5 0
0 46
July-05
nd
0 89
0 70
0.11
<0.1
<0.1
2 18
1 35
201
2 16
262
1 86
2 09
1 77
1 38
0 27
2 40
1 70
0 05
2 51
1 33
2 79
2 67
2 86
2 35
2 37
2 35
264
2 42
0 52
2 41
0 16
0 10
0 04
nd
nd
August-05
0 01
0 01
0 12
<0.1
<0 1
0 03
1 84
071
1 40
1 66
1 40
0 83
1 75
1 41
1 23
<0 1
1 19
0 63
0 06
1 34
0 47
1 49
I 29
1 39
1 83
1 79
1 57
0 87
1 61
<0 1
1 55
<0 1
0 01
<0 1
Results June
nd
nd
nd
nd
nd
nd
nd
September-05
0 08
0 09
0 12
0 15
<0 1
1 67
1 23
1.81
2.15
1 72
2.11
1 88
1.95
1 82
0 18
1 98
1 05
1 75
0 97
1 84
1 76
1 72
200
1 99
1 96
1 72
0 98
0 10
1 82
0 32
0 23
0 24
20,
nd
2005 - December 22, 2005
October-05
0 03
0 03
0 04
013
0 08
0 20
1 08
0 73
1 44
1 44
1 52
1 54
1 50
1 75
0 13
1 97
0 03
1 19
0 84
1 35
1 16
1 70
1 66
1 54
1 08
1 67
0 97
0 09
1 89
0 22
0 28
0 21
November-05
001
< 10
002
0 33
0 01
0 03
0 84
081
0 90
0 99
1 10
1 17
1 24
0 05
1 24
0 25
0 44
0 22
0 37
0 18
0 33
0 99
1 10
1 15
1 16
0 08
0 08
0 70
0 13
0 10
0 10
nd
December-05
0 07
0 01
0 11
0 08
oo:
0 10
0 58
0 23
0 00
0 : 9
0 31
0 14
0 14
0 10
0 16
0 44
0 12
3.00 3.00 3.00 3.00
"Sample sites with A are finished water samples
" Sites with 1,2, .3, 5 are stratified samples taken at 1, 2, 3, or 5 meter depths
* " Nd are samples that recorded a non-detect
* * " Cells left blank reflect no sample taken
300 300
#AII results are in parts per billion {ppb).
| Over the MCL of 3 ppb
3 00
